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(71) We, GENERAL ELECTRIC COMPANY, a coipoiation oiganized 
and existing tmder the laws €i die State of New York, United States of America, of 
I River Road, SchenectBdy 12305, State of New York, United States of America, do 
lieid>y dedaxe die inventxoo, for whidi we pray diat a patent may be granted to 
5 us, and die method by wiiidi it is to be pexformed, to be particularly described in 

andby the following statement: — . 

Tbe pxesent invention relates to improvements in salts vdiicn can be used witb 
epoxy^ resin co mp ositions for curing by e^)0sure to radiant energy. 

Bposy resins have general^ been employed in a variety of applications lequiring 
10 high performance materials. Cure of an epoxy resin can generally be achieved by 
two package systems based on the incorporation into the resin of active amine con- 
taining compounds or carboxylic add smhydrides. These systems require thoroq^ 
mixing <^ the ingredients; in addition, cure time can be several hours. 

Another catalyst which can be used to cure epoxy resins as "one package*' systems 
15 is based on the enq)loyment of a Lewis Acid camlyst in the fomx of an amine com- 
plex sudi as boron trifiuoride-monoedijtonine. The Lewis Acid is released on heat- 
ing; cure takes place within 1 to 8 hours and can require a temperature of 160*C 
and li fghw. As a result these one package epoxy compositions cannot be empbyed 
to coat beat sensitive devices such as delicate electronic components. Nor can epoxy 
20 monomers having low bc^Ung points be used due to the resultix:^ losses to evaporation 
during cure* 

As shown by Schlesinger U.S. Patent 3,703,29^ oertainphotosensitive aromatic 
HigMwifiitn salts can be employed to cure epoxy xesins. When photolyzedii these 
aromatic d'lffi O""™ salts axe capable of releasing, m situ, a Lewis Add catalyst which 
25 can initiate the rapid polymerization of die epoinr resin. n>wever, even diCNig^ these 
one padcQge epoxy lesin mixtures can provide rast coring compositions, a stabiUzer 
must be used to minimise cure in die dailc during storage of diese mixtures. De^ite 
t hfjcy measures, gellation of the mixture can occur even in the absence of li^iL In 
pd<l»TiftT^, nitrogen is released during the UV-curve, which can result in film imperfec- 
tions. Diazonium salts axe generaUy diermally unstable, rend e rin g die use of sudi 
materials hazardous t>ecause of the possibilitv of run-away decompcmtion.' 

Accordingly the present invention provides a salt use in curing curable oom- 
posirioiis, die salt haviiig die formula 



30 



35 



(R),(R«MRWMFr . 

\fbcxc M is P, As or Sb, R is a monovalent aromatic radical, R* is a monovalent alkyl, 
<7cloallwl or substituted alkyl radical, R* is a polyvalent organic alj^tic or anmanc 
radical forming a heterocyclic or fu^ ring structure, X is S, Se or a.is 0 or a 
whole number of 1 to 3, o is 0, 1 or 2, c is 0 or 1, where the sum of a+6+c satisfies 
die valence of X. 

40 Radicals included by R arc, for example, C,-i8, aromatic hydroca^m tadM^ 

such as phen^ tol^ naphthyl, anthryi, and such radicals substituted with from 1 
to 4 monovalent rad&ls sudi as C.t-.. alfcoxy, Cti.„ alkyl, nitro, chloro and hydroxy. 
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and 
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The salts oi this inveiition can be made by the pcooediue suitably modified shown 
in J. W. Knapczyk and W. B. McEwcn, J, Am. Chem. Soc, 91 145, (1969 L. 
Maycock and G. A. Bercbtold, J, Org. Chem. 55, No. 8, 2532 (1970)— H. M. Htt, 15 
U.S. Patent %807,648, £. Goethals and P. De Radzetzly, BoL Soc Chim. Belgo 
73 546 (1964)-fi. M. Leicester and F. W. Becgsttom, J. Am. C3iem. Soa, 52 3587 
(1929). 

Thns» die simple starting salts can be prepared aoccuxling to die ptocediue of 
H. AL Leicester and F. W. Becgstrom, J. Am. diem, Soc, 51 3587 (1929). Tlie 20 
oonesponding oonq>Iex salts, for gvarnp|p-j hesafluoroarsenaie and hearafluorcKUitmionate 
^ salts can be prqiaied by adding sodnim hexafluoroarsenate or potassion hesafluoro- 
^antimonate to an aqueous solution, of tnphcnyl selenodnm <*ilnr Mg to prodnce ^prfiite 
^ rcrystalline solids which can be dried in vacuo. 

The tenn "epoxy resin" as utilized herein includes any monomeric» dimeric 25 
. oligomer ic or polymeric ^>o^ matrjial containing a (durality <^ epoxy functional 
gcaups» A monoqpioside can also be used in the composition of diis invention either as 
one or as a mixture with the epo^ resin. For eyamplf>^ those resins vt^iich result ficom 
die xeactkm of bisphenol-A (4^'4sppropyiidened^henol) and epidilorohyddn, or 
bj^ d ie reaction of low molecular weight phenol-formaldehyde resins (Novolak resins) 30 
wuh q^fdiloxohydriii, can be used alone or in combination with an epoxy containing 
. compoond as a mctive diluent. Such diluents as pheiq^ glyddyl ether, 4-v i nylcycIO" 
hexene dioxide^y Itmonene dioxide, 1,2-cyciohexene oxide, gtycid^ acryiats, gfyddyl 
mediacrylate, styrene oadde and allyl glycid^ etber may be added as visoosiQr modi- 
fying agents. 35 

Ii additzcxQ, the compounds to be cured by the salts can be extended to include 
pofymesic matedids contaming terminal or pendant QKixy groups. RgatwpTgg of diese' 
oonmoands are vin^ copolymers containing glycidj^ aciylate or methacrylate as one 
of the c omono mers. Other dasses epoxy containing polymers amenable to cure 
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using she above catalysts are CTOzy-sQozane leslns, epozy-polyuredianes and eposy- 
polyesteis. Such polymeis usaaily have eposy functioaal groups at the ends of thor 
chains. Brai^-sikxKane lesins ami methcd for mafcing axe more particulariy shown 
Syy R P. Flueddfflwnn end G. Faoger, J. Am. Cheni. Soc 81 €32—5 (1959). As 

5 Ascribed in die Utemare> eposy lesins can also be modified in a ntimber standard 
ways sncii as feacdons with amines, caiboxylic acids, thiols, phenols and alcohols, 
OS diown m U.S. patents 2,935,488; 3,235,^20; 3,369,055; 3^79,653; 3,3^11; 
3i403,lS^; 3,563,850; 3,567,797; 3,677,995; etc Further esamples of resins 
^nihidi can be used are shown in die Encydopedia of Bolymer Science and Technology, 

10 Vd. 6, 1967, Intcrsdenoe Publishers, New York, pp 209-'271. 

llie curable compositions are furdier descr2>ed in our Patent Specification No. 
15701/75 (Serial No. 1,516,511) and can be made by blending the epoxy resin, which 
hereinafter will signify q>osy monomer, epoxy prepolymer, epoxy polymer or mix- 
ture diereof> with an effective amount <^ the Gioiq> Via onium sdt or ^onium salt* *. 

15 The resisting curable composition ^n^iich can be in the form of a varnish having a 

viscosity of from 1 centiiyoise to 100,000 cendpoises at 25''C or a free flowing powder, 
can be applied to a variety of substrates by conventional means and cured to the 
tack-£ree state within 1 second or less to 10 minutes or more. 

Depending upon the oompatability of the <mium salt widi the ej^xy resin, the 

20 Group Via oniiun ^t can be dissolved or dispersed therein along with an organic 
solvent sodi as nitromethane and aoetonitrile prior to its incoix>oratioiL In instances 
^siiere the epo^ resin is a solid, incorporation of the onium salt can be achieved by 
dry JTitTlmg oc ^ melt mixing the resin whereby the onium sak is incorporated. 

It has been found dut die onium salt also can be generated m situ in die 

25 presence of the epoisy resm if desired. For esan^Ie, an onium sak of die formulat, 

(R),(R^),(R«)^*Q'- 

where B» R\ a, b and c are as previously defined, and is an anion such as 

Cty Br-y l", F", HSOo~ and NOa* can be separatel y or smmltaneoudy introduced into 
die epoxy xesin with a Lewis Add salt of the f ormtda 

30 M'(MFe) 

where M' is a metal cation, such as Na% K+, Ca*^, Mg*+, Fe**, Nr**, 
Co^ and Zsi^ and organic cations sudi as ammonium or pyridinium^ and where M 
is defined in formula I above. 

Emerience has shown that the propordon of onium salt to ^oxy resin can vary 
35 widely masmudi as the salt is substandally inert, unless activated, ^fective results can 
hQ achieved if a proportion of from .1% to 15% by weight of onium salt is empioyod, 
based <m the wei^ of ciuable composidon. 

Hie curable coii^>ositions may contain inactive ingredients such as inorganic 
fiEecs, dyes, pigments, esfi^iers, viscosity control s^gentst, process aids and UV- 
40 screens in amounts of to 100 parts of filler per 100 ports of epoCT resin. The 
cnzabie compositions can be i^plSed to sndi siibsttates as metal, subber, plastiPi 
molded parts or films, paper, wood» g}ass doth, concrete mid oerapiic. 

Smtfi the s^plicadons in whidi die curable coo^ostdODS of the present inven- 
don can be used are, for eszmj^ jjxrotective^ decorative and insulting coatings, 
45 potting dompounds, printing inks, fjffaTants,' adhesives, photoresists, wire i ns u tot ion, 
textile coatings, laminates, Impr^nated tapes and printing plates. 

Cure of the curable composition can be adiieved by activating die onium salt 
to provide the release the Lewis Add catalyst. Activation of the onium salt can 
be adiieved by heating die composidon at a tenq^eraturo in the range of from 150^C 
50 to 250"^ Iwer^ly cure canoe adiieved by e^M>sing the curable ocmiposidon to 
radiant energy sudi as electron beam or ultravidet light. / 

In order that diose skilled m die art witt be better able to practice the mve^ 
tion, die following examples are given by way of Ulustradon and not by way of 
limitadon. All parts are by weigbt. 

55 . . ' EXAMPLES 1 and 2 

Triphen^sdenonium diloride was prepared according to the procedure of H. 
M. Ldoester and F. W, Bergstrom, J. Am. Chem. Soc 51 3587 (1929) starting widi 
dmhen^ The corresponding hexafiuoroarsenate and hexafluoroantimonate 

were prepared by adding sodium hexafiuoroarsenate^ or potassium hexafluoro- 



1,516,512 



antiiDonate to an aqueous solution of triphenylselenonium chloride. The products were 
white crystalline solids whidi were dried in vacuo. 

Three percent soludons of the above salts in 4-vinylc ycldie 3cene dioxide were 
cured as 2 mil films at a distance of six inches from a 0£ H3T7 hmp.. The follow- 
5 ing core timies were obseived: ^ 

Exan^le Salt Cure Time 

1 (QH,),Se*AsFr 10 sec. 

2 (CJt),Sc^M?r 3 sec. 

EXAMPLE 3 

10 There were added 6 parts of a 50% aqueous solution of triphenyisulfonium 10 

chloride and 2.1 parts of NaAspQ to 97 pans of an 80:20 mixture of tusphenol-A' 
digiyddyl ether luid 4-vinyicyc2ohexene dioxide. The reaction mixture was agitated 
by stirring for one-half hour and then allowed to setde. An aliquot of the resin was 
t^ken and spread onto a glass plate using a draw knife widi a 3 ml aperture. A tack* 

15 free film formed within 15 seconds after exposure to an H3T7 lamp at a distance of |5 
six inches. The film was hard and dear. 

Resistors were potted in the above xesin by dipping ifae resistor into the sensi- 
tized resin and then curing it by lotatii]^ die le^stor for 3D seconds beoeadi die 
ultraviolet lamp. 

20 EXAMPLE 4 20 

There were added 2.6 parts phenacyltetramediylene sulfonium bromide to a 

mixture of 95 parts of 4-vii^lcyclohexene dioxide containing 2JZ parts of NaAspQ. 

Tlie solution was placed in a daric bottle and rolled on a ball mill for 8 hours. After 

the salts were removed by filtration, the solution was coated onto a 3 inx6 in steel 
25 panel and cured by exposure to the ultraviolet radiation of a H3T7 lamp at a distance 25 

of 2 inches. A hard coating was obtained after 15 seconds ea^sure which could not 

be removed hy nibbiog the ooatirig with acetone. 

EXAMPLE 5 

There were added widi stirring 89 parts of aluminium diloride in small portions 
30 to a solution of 122 parts of ZyS-xyUsial in 505.12 parts of carbon disulfide mamtained 30 
at 10**C. To die resuldi^ greenish solution were added 795 parts of ifaicmyl chloride 
in a dropwise fashion maintaining the temperature between 10 and IS^C. A black 
prec^itate and solution was obtained which was stirred for an additional 2 hours 
and then poured onto 1000 parts of ice containing about 50 parts of concentrated 
35 HCL This mixture was placed on a steam bath to remove CS^ and to decon^Kise 35 
the complex- A tan solid was obtained which was filtered, washed with water and 
dried. 

To a solution of 21.5 parts the above crude product in about 117 parts of hot 
absolute ethanol were added 11.4 parts of KAsF, and 10 parts of water. The reaction 

40 mixtnre v?as stirred and more water was added to ^ect die precipitation of product. 40 
The product was filtered, washed widi water and dried. A material was obtained 
having a m.p. 245 — 251^C. Based on mediod of pr^aration and elemental analysis 
for CwH^,SAsFe. Calc %C, 493; %H; 4.62; %S, 5^ Found: %C, 494; %H, 
439; %S, 5.55, the product was tris-3,5-dimethy]r4-hydroxy-phen34 solfdnium hexa- 

45 fluoroarsenate. , r.. . , 45 
A three percent soluticHi of. the above onium salt was made miiii A-vinykydo- 
hcxene dioxide. Cure of the solution was ^ected by iztwliating a 2 mil film on gjass 
aoorading to the'psooedins described in Esanq^le L A hard mar-zesistant coating was 
obtained after 5 seconds of inadiBtion. 

50 WHAT WB CLAIM IS:— 50 

1. A salt of the formula: ' 

(RX(R^X(R")oX*MFr 

where M is P, As or Sb, R is a monovalent aromatic radical, is a monovalent alk^, 
cydoalkyl or substituted alkjd radical, is a polyvalent organic aliphatic or aromatic 
55 radical forming a heteroqrcHc or fused ring structure, X is Se or Te, a is 0 or a 55 
vhols luunber oflto3, DisO, Ior2,<;is0orl, where the sum of a+^+c satisfies 
the valence of X. 

2. A salt as daimed in daim 1 wherein X is S. 
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3. A salt as daimed In daim 1 of the fonnula: 




4* A salt as claimed in daim 1 of the fonnula: 



0 

5 5. A salt as daimed in daim 1 substantially as herdnbefore desciibed in any S 

one ci BsamfUcs 1 to 5. 

Agent for the Applicant. 
PAUL M. TURNER, 
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